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RATE OF PROPAGATION OF FATIGUE CRACKS IN 12-INCH 
BY %4-INCH STEEL PLATES WITH SEVERE 
GEOMETRICAL STRESS-RAISERS 


I. Ly rTrRopuctrion 


1. Object of Tests.— Tests have shown that the static strength 
and still more the energy-absorbing capacity of steel plates with severe 
stress-raisers are related to the notch sensitivity of the steel as in- 
dicated by the Charpy notch impact value. The object of the tests 
herein described was to determine to what extent the rate of propaga- 
tion of fatigue cracks in such plates is likewise related to the Charpy 
notch impact value of the steel. A comparison was also made of the 
relative effect of fatigue cracks and jeweler’s-saw cuts on the rate of 
propagation of fatigue cracks. Since the Charpy impact value of steel 
is affected by its method of manufacture, its temperature, and its 
strain history, the series of tests (see Table 1) was so planned as to 
include all three factors. Because of the limited number of tests the 
investigation must be regarded as exploratory, and as useful primarily 
in providing data for planning a more comprehensive investigation. 


2. Acknowledgments. — The tests described in this bulletin were 
made for the United States Coast Guard, Harvey F. Jounson, Rear 
Admiral, USCG, Engineer-in-Chief. They form part of the work of 
the Engineering Experiment Station of the University of Illinois, of 


TABLE 1 


PROGRAM oF FaticuE Tests oF PLATES WITH SEVERE STRESS-RAISERS 


All specimens tested on a cycle in which the average stress on the net section varied from 16,000 
p.s.i. tension to an equal compression. 


Temperature Charpy 
Sori trate of Steel Impact 
Neo Kind of Material Mecae When Tested Valuet 
deg. F. ft. Ibs 
1 Killed Steel Normalized No 80 51 
2 Killed Steel Normalized No 32 29 
3 Killed Steel Normalized No 0 ibys 
4 Killed Steel Normalized No —40 8 
5 Rimmed Steel As-Rolled No 120 30 
6 Rimmed Steel As-Rolled No 80 17 
ah Rimmed Steel As-Rolled No 32 9 
8 Rimmed Steel As-Rolled No 0) . 6 
9 Rimmed Steel Yes 120 24.5 
10 Rimmed Steel Yes 80 12.6 
11 Rimmed Steel Yes 32 5.0 
12 Rimmed Steel Yes 0 3.4 


* Plate strained 1 per cent and heated 2 hr. at 212 deg. F. ‘ ; 
+ Standard V-notch specimen, steel in same condition as for fatigue tests. Charpy specimens 


from same heats as fatigue specimens. 
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which Dran M. L. Enger is the director, and the Civil Engineering 
Department, of which Proressor W. C. HUNTINGTON is the head. The 
tests were planned in cooperation with LizurENANT COMMANDER E. 
M. MacCurcueon, Jr., and the expenses of the investigation were paid 
from funds provided by the Coast Guard. The tests were made by 
J. L. Burke under the direction of Proressor W. M. Witson. The 
Charpy values were determined by W. H. Bruckner, Research Assist- 
ant Professor, Department of Mining and Metallurgical Engineering. 


II. Description or TESTS 


3. Specimens. — Details of the specimens are shown in Fig 1. 
The geometrical characteristics were the same for all specimens. The 
stress-raiser consisted of a %-in. drilled hole in the center of the 
plate, with transverse hacksaw cuts on the transverse diameter, ex- 
tended \% in. with jeweler’s-saw cuts 0.011 to 0.012 in. wide as shown 
in Fig. 1. The length of the stress-raiser, out-to-out of the jeweler’s- 
saw cuts, was one-fourth of the finished width of the central portion 
of the plate. 

The specimens for series 9, 10, 11, and 12 were strain-aged before 
notching, by straining them 1 per cent and then holding them at a 
temperature of 212 deg. F. for 2 hr. The specimens tested at low tem- 
peratures were cooled with a refrigerator which enclosed the specimen. 
Those tested at 120 deg. F. were heated with infrared lamps so 
placed that the rays fell on the specimen and kept it at a constant 
temperature. 

Laboratory tests of specimens cut from plates rolled from the same 
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heats as the fatigue specimens gave the values for the mechanical 
properties listed below. 


Strength Elongation in| Reduction of 
% 8 in. Area 
Kind of Steel : 
Diss 
ultimate yield point per cent per cent 
Rimmed As-Rolled 56 250 30 075 31.9 56.3 
Kulled Normalized 60 100 34 700 34.0 60.8 


The chemical composition of the same steels as given by the mill 
tests is listed below. 


Chemical Composition 
Kind of Steel per cent 
C Mn Si iE S Cu 


Rimmed As-Rolled 0 F238 0.39 0.008 0.019 0.032 0.19 
Jailed Normalized 0.18 OR55 0.23 0.015 0.028 0.20 


4. Method of Testing.— The specimens were tested in the 200,- 
000-lb. fatigue testing machine shown in Fig. 2, which operated at 
approximately 180 cycles per min. All specimens were tested on the 
same cycle, one for which the average stress on the net section varied 
from 16,000 p.s.i. tension to 16,000 p.s.i. compression. Because the 
specimen had a transverse jeweler’s-saw cut, which proved to be as 
severe a stress-raiser as a fatigue crack, the time required to,start a 
fatigue crack was short as compared to that required to extend the 
crack a considerable amount. It therefore seemed desirable to measure 
the length of the crack at frequent intérvals in order to get the rela- 
tion between its length and the number of cycles — data from which 
the rate of crack propagation could be computed. The length of the 
fatigue cracks at the two ends of the stress-raiser was measured at 
both surfaces of the plate, and the average of the four measurements 
was taken as the length of the crack for the corresponding number of 
cycles. In general, the tests were continued until the average length of 
the fatigue cracks was of the order of 0.6 in. 

Figure 3 is a typical diagram showing the relation between number 
of cycles and average length of fatigue cracks. The ordinate of point 
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Fia. 2. 200,000-Ls. Faticus Testing MACHINE 


A, the point corresponding to a fatigue-crack length of 0.6 in., repre- 
sents the number of cycles required to produce the 0.6-in. fatigue 
crack —in this instance 36,700. 


— 
8 


Number of Cycles of Stress 177 10005 
Xo 
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Fia. 38. Revation Berween Numper or Cycies anp AVERAGE LENGTH 
or Fatigue Crack 


BUL. 371. RATE OF PROPAGATION OF FATIGUE CRACKS 9 


5. Results of Tests. —The results of the individual tests are given 
in Figs. 4—6. The number of cycles required for the specimens to de- 
velop an average fatigue-crack length of 0.6 in. was read from the 
diagrams in those figures. This length has no special significance ex- 
cept that it is a compromise, being long enough to establish the direc- 
tion of the diagrams and short enough to prevent too great a variation 
in the unit stress, the total load remaining constant. 
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Fic. 5. ReLATION BETWEEN NUMBER OF CYCLES AND LENGTH OF FATIGUE CRACK: 
RIMMED STEEL AsS-ROLLED 


The results for killed steel normalized, rimmed steel as-rolled, and 
rimmed steel strain-aged are set forth in Table 2. Each part of the 
table gives the results of tests in triplicate at each of two tempera- 
tures. For all the tests the number of cycles reported is the number 
required to produce a fatigue crack 0.6 in. long; and the stress in the 
stress cycle varied from 16,000 p.s.i. tension to 16,000 p.s.i. com- 
pression, the stress being the average stress on the original net section. 

The test results can be compared directly on the basis of the num- 
ber of cycles required to produce a fatigue crack 0.6 in. long. It should 
be noted, however, that a considerable difference in life (number of 
cycles for failure) corresponds to a relatively small difference in fa- 
tigue strength. . 
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Fic. 6. RELATION BETWEEN NUMBER OF CYCLES AND LENGTH oF FATIGUE CRACK: 
RIMMED STEEL STRAIN-AGED 


In general, the three tests of a series are reasonably consistent with 
one another. This is particularly true of the tests of the rimmed steel 
specimens, series 5—12. The only exception is test 7-1, one of the first 
made. When this test was carried out it was not realized that crack 
length is as important as number of cycles. Only one reading of the 
number of cycles was recorded, and the corresponding length of crack 
was read as an item of interest rather than as an important quantita- 
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TABLE 2 
Rare or Crack PRopAGATION, PLaTes wITH STANDARD STRESS-RAISERS 


Seri Speci Number of Series Specimen Number of 
Sah Weriber Gyéles* Number Number Cycles* 
Killed steel normalized—not strain-aged 
i 1-1 31 700 2 2-1 41 800 
Tested at 1-2 35 800 ang" - ae a i 
- 59 600 eg. F. - 
ps, ie 42 400 Av. 40 700 
3 ar |) a7 600 4 4-1 50 800 
Tested at 3-2 33 100 Tested at 4-2 36 700 
0 deg. F. 3-3 43 700 —40 deg. F. 4-3 68 800 
Av. 38 200 Av. 52 100 
Rimmed steel as-rolled 
5 5-1 28 600 6 6-1 18 500 
Tested at 5-2 26 800 Tested at 6-2 19 500 
120 deg. F. 5-3 28 400 80 deg. F. 6-3 20 800 
Av. 27 900 Av. 19 600 
7 7-1 9 800 8 8-1 20 900 
Tested at 7-2 13 900 Tested at 8-2 20 200 
32 deg. F. 7-3 18 100 0 deg. F. 8-3 23 800 
Av. 13 900 Av. 21 600 
Rimmed steel strain-aged 
9 9-1 24 900 10 10-1 25 300 
Tested at 9-2 23 600 Tested at 10-2 27 400 
120 deg. F. 9-3 22 600 80 deg. F. 10-3 23 900 
Av. 23 700 : Av. 25 500 
11 11-1 29 000 12 12-1 28 800 
Tested at 11-2 26 500 Tested at 12-2 29 900 
32 deg. F. 11-3 30 200 O deg. F. 12-3 23 900 
Av 28 600 Av. 27 500 


* Number of cycles to produce fatigue cracks 0.6 in. long. See Fig. 1 for details of specimens 
and stress-raiser. All specimens tested on a cycle in which the stress varied from +16,000 to —16,000 
p.s.i. of net section. 


tive value. Moreover, the technique for measuring the length of the 
crack had not then been fully developed. Hence, too much importance 
should not be attached to this test. 

The three tests of series 1 and the three of series 4, both on killed 
steel normalized, were somewhat less consistent in results than the 
tests for the other series: the ratio of maximum to minimum number 
of cycles was 1.9 for series 1 and 1.6 for series 4, compared with 1.32 
and 1.06 for series 3 and 2, respectively. 

The number-of-cycles — length-of-fatigue-crack diagrams of Figs. 
4—6 are straight lines passing through the origin. This seems to indi- 
cate that the jeweler’s-saw cut 0.011 to 0.012 in. wide was as severe a 


stress-raiser as a fatigue crack, since the crack began to propagate 
during the first few cycles. 
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TABLE 3 
Rate or Crack Propagation, PLares wit STANDARD Srress-RAISERS: 
SumMary or Resuuts* 


Standard V-notch specimens with long axis parallel to the directi f rolli i 
normal to the rolled surfaces were used for the Charpy tests. Se a came 


Number of Cycles to Produce an Average Fatigue-Crack Length of 0.6 in. 
Temperature of Plate When Tested 
Kind of Steel deg. F. 
120 80 32 0 —40 Average 
Killed Steel haere ay 42 400 40 700 38 200 52 100 43 350 
Normalized 51t 29 17 8 
Rimmed Steel 27 900 19 600 13 900 2 GOO?) | ee ner 20 750 
As-Rolled 30 17 9 6 
Rimmed Steel 23 700 25 500 28 600 DE DOO! We eternal 26 325 
Strain-Aged 24.5 12.6 5 3.4 
Average 25 800 29 167 at Tae ZO LOO APH cat exoxts, Sin Pheer: 


; * Each value, except those in the right-hand column, is the average of three tests; each value 
in the right-hand column is the average of twelve tests. 

Numerals under the Number-of-cycles-for-failure are the V-notched bar Charpy values of the 
steel at the temperature of the fatigue specimens when tested. 


6. Discussion of Results.— The results of the tests as given in 
Table 2 are summarized in Table 3. Each value except those in the 
right-hand column is the average of three tests; each value in 
the right-hand column is the average of 12 tests. The results in this 
table indicate that within the range from +120 deg. F. to —40 deg. 
F. the temperature had no significant effect on the rate of crack propa- 
gation for any of the steels tested, even though the ratios of the Charpy 
value at the high temperature to the Charpy value at the low tempera- 
ture were 6.4, 5.0, and 7.2 for the killed steel normalized, the rimmed 
steel as-rolled, and the rimmed steel strain-aged. The average life was 
approximately twice as long for the plates of killed steel normalized as 
for the plates of rimmed. The life was approximately 30 per cent less 
for the rimmed steel as-rolled than for the rimmed steel strain-aged. 
This difference is largely accounted for, however, by the low values 
for the tests at 80 and 32 deg. F. 

Table 3 makes it clear that there was no close relation between the 
Charpy value for the steels tested and the rate of propagation of fa- 
tigue cracks. It would seem, therefore, that notch sensitivity as in- 
dicated by notched-bar Charpy impact tests and notch sensitivity as 
indicated by the rate of propagation of fatigue cracks are two quite 
different properties. 
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III. Summary or RESULTS 


7. Summary. — The results of the tests described in this bulletin 
may be summarized as follows. 

(a) At the stress level used in these tests (+ 16,000 p.s.i.), a 
jeweler’s-saw cut 0.011 to 0.012 in. wide produced as rapid a rate of 
crack propagation as a fatigue crack. 

(b) For the temperature range from +120 deg. F. to —40 deg. F., 
the temperature of the steel had no significant effect on the rate of 
fatigue-crack propagation. 

(c) Notch sensitivity as indicated by notched-bar Charpy impact 
tests and as indicated by the rate of propagation of fatigue cracks are 
two quite different properties. 
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. Second Progress Report of the Investigation of Shelly Spots in Railroad Rails, 


by R. E. Cramer. 1944. Free wpon request. 


. Second Progress Report of the Investigation of Fatigue Failures in Rail Joint 


Bars, by N. J. Alleman. 1944. Free wpon request. 


. Principles of Heat Treating Steel, by H. L. Walker. 1944. Fifteen cents. 
. Progress Reports of Investigation of Railroad Rails and Joint Bars, by H. F. 


Moore, R. E. Cramer, N. J. Alleman, and R. 8S. Jensen. 1945. Free wpon 


request. 


. Progress Report on the Effect of the Ratio of Wheel Diameter to Wheel Load on 


Extent of Rail Damage, by N. J. Alleman. 1945. Free wpon request. 


- Progress Report of the Joint Investigation of Methods of Roadbed Stabilization, 


by R. B. Peck. 1946. Free wpon request. 


- Progress Reports of Investigation of Railroad Rails and Joint Bars, by R. E. 


Cramer, N. J. Alleman, and R. 8. Jensen. 1946. Free wpon request. 


. Electro-Organic Chemical Preparations: Part III, by 8. Swann, Jr. 1947. Free 


wpon request. 


. Progress Reports of Investigation of Railroad Rails and Joint Bars, by R. E. 


Cramer, N. J. Alleman, and R. S. Jensen. 1947. Free wpon request. 


. Second Progress Report of the Joint Investigation of Methods of Roadbed Sta- 


bilization, by R. B. Peck. 1947. Free wpon request. 
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SUMMER SESSION . 

University Extension Division 

COLLEGE OF VETERINARY MEDICINE 
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University Experiment Stations and Research and 
Service Organizations at Urbana 


AGRICULTURAL EXPERIMENT STATION 
BuREAU OF COMMUNITY) PLANNING - 
BuREAU OF ECONOMIC AND 
BusINESs RESEARCH * 
BuREAU OF INSTITUTIONAL RESEARCH 
BUREAU OF RESEARCH AND SERVICE 
ENGINEERING EXPERIMENT STATION 
EXTENSION SERVICE IN AGRICULTURE 
AND HoME Economics 


GENERAL PLACEMENT BUREAU 
HicH ScHoo.t TEestrnc BUREAU 
Rapro Station (WILL) 
SERVICES FOR CRIPPLED CHILDREN 
SMALL Homes CounciL 
STUDENT PERSONNEL BUREAU 
UNIVERSITY OF ILLINOIS PREsS 


State Scientific Surveys and Other Divisions at Urbana 


StaTE GEOLOGICAL SURVEY 
StaTE NaturAL History SuRVEY 
STATE WATER SURVEY 


For general catalog of the University, special circulars, and other information, 


State Driacnostic Lasoratory (for 


Animal Pathology) 


U. S. RecionaL SoyBEAN LABORATORY 


address THE DIRECTOR OF ADMISSIONS AND REcoRDS, 
UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 


